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$x_{i}(s)=\varphi_{i}(s)\geq 0,$ $-$r$i\leq s\leq 0;\varphi:(0)>0,i=1,2,$ $\cdots,n$ .
(E1) , .
, LaSalle . , (E1)
(cf.[3],The0rem









$x_{i}(s)=\varphi_{i}(s)\geq 0,$ $-$r $\leq s\leq 0;\varphi_{i}(0)>0,i=1,2$.
1. (E2) .
2









. $\mathrm{R}^{n}$ $n$ , $C:=C([-r, 0], \mathrm{R})$ $[-r, 0]$
$\mathrm{R}$ . $C$ $| \phi|=\sup_{-\mathrm{r}\leq\epsilon\leq 0}|$\phi (s)|
. $C$
$o_{+}:=C_{+}([-r, 0], \mathrm{R})=\{\phi\in C : \phi(s)\geq 0, -r\leq s\leq 0\}$
. $C$ \leq . $\phi,$ $\psi\in C$ $\psi-\phi\in C_{+}$
$\phi\leq\psi$ , $\phi\leq\psi$ $\phi\neq\psi$ $\phi<\psi$ . $\psi-\phi\in Int$ C
$\phi$ $\psi$ . $r=$ $(r_{1}, r2, ..., r_{n})\in \mathrm{R}_{+}^{n},$ $R$ =max $r_{i}$ (2.1)
$C_{r}= \prod_{i=1}^{n}C([-r_{i}, 0], \mathrm{R})$
. $C_{r}$ , $C_{r}$ $\prod_{i=1}^{n}C_{+}$ $([-r_{i}, 0], \mathrm{R})$ ,
. $D$ $C_{r}$ $f$ : $Darrow \mathrm{R}^{n}$
. $x(t)\in \mathrm{R}^{n}$ $x$ (t) $t$ $x_{t}\in C_{r}$
$x_{t,i}(s)=x_{i}(t+s),$ $-r_{i}\leq s\leq 0$ . $x_{i},$ $x_{t,i}$ $x,$ $x_{t}$ $i$
. $\phi\in D$ (2.1) $x_{0}=\phi$ $t\geq 0$ ,
$x$ (t, $\phi$) , $\phi\in D$ $x(t, \phi)$ $t$ $x_{t}$ (\phi ) $D$ $\Phi$
.
$\Phi_{t}(\phi)=x_{t}(\phi)$ .
(2.1) “cooperative” , $D$ ($u<v$ $u,$ $v\in D$
$[u, v]$ $D$ ) , $\phi\in D$ $f$ $\phi$ $df$ (\phi )
(K) .
(K) : $\psi\geq 0$ $\psi_{i}(0)=0$ $L_{i}\psi\geq 0$ .
$df$ (\phi ) $f$ $\phi\in D$ , $L$ $\psi\in C_{r}$
$L_{i} \psi=a_{i}\psi_{\dot{l}}(0)+\sum_{j=1}^{n}\int_{-r_{j}}^{0}\psi_{j}(s)d_{\mathit{8}}\eta ij(s)=a_{i}\psi_{\dot{0}}(0)+\overline{L}_{i}(\psi)$
. $L_{i}\psi$ $L\psi$ $i$ $\eta_{\dot{|}}j$ Borel
, $\phi\geq 0$ –Li\phi $\geq 0$ . $a_{i}=a_{i}$ (\phi ), $\eta_{ij}=\eta_{ij}$ (\phi ) $\phi\in D$ .
(I) :
$A(L)=(L\hat{e}_{1},L\hat{e}_{2}, \cdots, L\hat{e}_{n})$
. $\hat{e}_{j}\in C_{r}$ $\hat{e}_{j}(s)$ $\equiv col(0, 0, \ldots, 1, \ldots, 0j)$ .
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(2.1) cooperative , :
(i) $\phi\in D$ $df$ (\phi ) (I) ;
(ii) $r_{j}>0$ $j$ , $\epsilon>0$ , $\phi\in D$
$\eta_{ij}(\phi)([-r_{j}, -r_{j}+\epsilon])>0$ $i$ ;
, (2.1) “cooperative” “irreducible” .
, .
(T) : $f$ , $\phi\in D$ $t\geq 0$ $x$ (t, $\phi$) .
$D$ $A$ $\phi\in A$
$t$ $x_{t}(\phi)\in B$ $D$ $B=B$(A)
.
.
$\mathrm{A}$ ([2], p.90, Theorem 4.1). (2.1) $D$ “cooperative” “irreducible”
. , (T) $D$
( , ) .
3
(E2) (T) , .
(Q) $i$ $\phi\leq\psi$ $\phi_{i}(0)=\psi_{i}$ (0) , $f_{i}(\phi)\leq f_{i}$ (\psi ) .
2([2], p.78, Theorem 1.1). $f,g$ : $Darrow \mathrm{R}^{n}$ $D$
Lipschitz , (Q) . $\phi\in D$
$f(\phi)\leq g$ (\phi ) , $\phi,$ $\psi\in D$ $\phi\leq\psi$ $t\geq 0$
$x$ (t, $\phi,$ $f$ ) $\leq x$ (t, $\psi,$ $g$ ) .
(Q) \emptyset (E2) $\phi,$ $\psi$ :










2 (E2) $\phi\leq\psi$ $x_{t}(\phi)\leq x_{t}$ (\psi ) .
$\phi$ $\psi_{1}(\psi_{1}>\phi)$ $x_{t}(\phi)\leq\psi_{1}$ , $\psi_{2}\in M(\psi_{2}<\phi)$
$\psi_{2}\leq x_{t}$ (\phi ) . (E2) $\phi$




$D=\{\phi|\phi i(s)>0, -\tau\leq s\leq 0\}$
, .
(K) \emptyset $df$ (\phi ) $L$ (E2)
$L_{1}\psi=(-2\phi_{1}(0)+\phi_{2}(-\tau))\psi_{1}(0)+\phi_{1}(0)\psi_{2}(-\tau)$,
$L_{2}\psi=\phi$2 $(0)\psi_{1}(0)+(-2\phi_{2}(0)+\phi_{2}(-\tau))\psi_{2}(-\tau)$
. $\psi_{1}(0)=0$ $L_{1}\psi\geq 0$ , $\psi_{2}(0)=0$ $L_{2}\psi\geq 0$
(E2) (K) .
$\underline{(\mathrm{I})}$\emptyset $A$(L)
$A(\text{ })=\{\begin{array}{ll}-2\phi_{1}(0)+\phi_{2}(-\tau) \phi_{1}(0)\phi_{2}(0) -2\phi_{2}(0)+\phi_{1}(-\tau)\end{array}\}$
, .
$j=1$ [ , $\eta_{11}(\varphi)=\varpi^{-=0}\partial f\iota\iota$ , $\eta 21(\varphi)=*_{1}^{\partial_{2}}=\phi_{2}(0)>0$,
$j=2$ { , $\eta 22(\varphi)=\not\in_{2}^{\partial_{2_{-}}}=0$ , $\eta 12(\varphi)=\varpi^{1}\partial f=\phi_{1}(0)>0$.
, (E2) “cooperative” “irreducible” . A
(E2) . (E2)
$E$ , $D$ (cf.[2],p12,Remark 4.2
).
$X$ \leq , $\{\Phi_{t}\}_{t\geq}0$ $\mathrm{X}$ . $u,v\in X$
$u\leq v$ $u\neq v$ $u<v$ . $E$ .
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.
1. $t>0$ $\Phi_{t}$ ( [2] “monotone”
).
2. $E$ . 2 :. $u,$ $v\in E(u<v)$ $[u, v]:=\{w\in X|u\leq w\leq v\}$ .
. $w\in X$ $u,v\in E$ $w\in[u,v]$ .
$w\in X$ $\overline{V},$ $\underline{V}$ .
$\overline{V}(w):=\mathrm{m}.\mathrm{n}${$v\in E.|v$ \geq w}, $\underline{V}$(w) $:= \max\{v\in E|v\leq w\}$ .
$\overline{V},$ $-V$ .
3. $w\in X$ . $\overline{V}$( $\Phi_{t}$ (w)) $t$ . $\underline{V}$( $\Phi t($w)) $t$
$’-\nearrow$ .





$\Phi_{t}$2-t1 $(\Phi_{t_{1}}(w))\leq\Phi_{t_{2}-}t1$ $(u_{1})$ .
$u_{1}\in E$ $\Phi_{t_{2}}(w)\leq u_{1}$ . $\overline{V}$
$\overline{V}(\Phi_{t_{2}}(w))\leq u_{1}$ .
$\overline{V}(\Phi_{t_{2}}(w))\leq\overline{V}$( $\Phi_{t_{1}}($w)) , $\overline{V}$ . $\underline{V}$
.
4([1], Theorem 3.5). $u0\in X$ , $\omega$ $\omega(u\mathrm{o})$
.
.
5. $a\in X$ , $a$ $U$ . $b\in U$ ,
$\overline{V}(b)>\overline{V}$(a) .
1. $\in X$ , $\omega(u\mathrm{o})$ $\overline{V}$ –$V$ .




$q\in\omega(u\mathrm{o})$ $\mathrm{R}^{+}$ $\{\tau k\}$ , {\sigma k} , $karrow\infty$
$\tau_{k},$ $\sigma_{k}..arrow\infty,$ $\Phi_{\tau_{k}}(u_{0})arrow p$ $\Phi_{\sigma_{k}}(u\mathrm{o})arrow q$ . $X$ $\mathrm{I}\mathrm{J}$ $\{\overline{V}(\Phi_{\tau_{k}}(u\mathrm{o}))\},$ $\{\overline{V}(\Phi_{\sigma_{k}}(u_{0}))\}$
. $\Phi_{\tau_{k}}$ (u0) $k$ $\Phi_{\tau_{k}}(u\mathrm{o})\geq\Phi_{\sigma_{l}(k)}$ (u0)
$l$ (k) . $karrow\infty$ $p\geq q$ . $p\leq q$
. ( ) $p=q$ .
$\omega$ ( 4) .
1. $v\in\omega(u\mathrm{o})$ , $\overline{V}$ ( $\Phi_{t}$ (v)) $\underline{V}$( $\Phi_{t}($v)) $t$
.
2. $\Phi$ T “storongly order-preserving: S.O.P.”
. $x,$ $y\in X$ $x<y$ , $x\in U,$ $y$ \in W $X$ $U,$ $W$
$to>0$ , $\Phi_{t_{0}}U\leq\Phi_{t_{\mathrm{O}}}W$ .
6([2], p.5, Theorem 23). $\Phi$ S.O.P. , $x<y$ 2 $x,y$
.
2. $\Phi_{t}$ S.O.P. –$V(\Phi_{t}(v))$ $t$ $v\in E$ .
) $v\in E$ $v$ $\overline{V}$ $t$ .
$\overline{V}$ ( $\Phi_{t}$ (v)) $t$ . $v\not\in E$ $\overline{V}$ ( $\Phi_{t}($v)) $t$ :
$\overline{V}(v)=v^{*}$ $v<v^{*}$ . $\Phi$ S.O.P. , $v\in U$ $U$ $t_{0}>0$
$\Phi_{t_{0}}U\leq v^{*}$ . (1)
5 $w\in\Phi_{t_{0}}U$ , $\overline{V}(w)>\overline{V}(\Phi_{t_{0}}(v))=v^{*}$ . (1) $w\leq v^{*}$
$\overline{V}$ $\overline{V}(w)\leq v^{*}$ . .
2. $\Phi$ S.O.P. $E$ , $u0\in X$ , $\omega(u\mathrm{o})$ 1
.
2 1 , $\omega(u\mathrm{o})$ $E$ . $E$ , 6 $\omega(u\mathrm{o})$
1 . (E2) 1 .
: (2.1) “cooperative” “irreducible” , [2, p.3, Proposition 11] [2,
p.89, Corollary 35] , $\Phi$ S.O.P. .
[1] S.H.Saperstone, Semidynamical systems in infinite dimensional spaces, Applied Math Sci-
ences 37(1981), Springer-Verlag, Berlin
[2] Hal L.Smith, Monotone Dynamical Systems: an introduction to the theory of competitive
and cooperative systems, AMS, 1995.
[3] , , , ,
1309(2003),132-139.
